Acid-base properties of excipient surfaces have been studied by photoacoustic spectroscopy (PAS) in the visible absorption range using seven acid-base indicators. The acid strength (Ho) of each excipient was determined from the PA spectral patterns of the indicators. The Ho values of silica-alumina, silica-magnesia and crystalline cellulose were determined to be between 3.3 and between 4.8 and 2.0, and between 4.8 and 3.3, respectively. In the cases of some excipients, the acid strength measured by PAS was weaker than the value which was measured from the color changes of the indicators on the surface of the excipients in benzene solution. These differences are ascribed to water adsorption on the surface during PAS sample preparation. In the case of crystalline cellulose, the hydrogen bonding network was so tight in benzene solution that the indicators could not enter the network.
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35 (10) Acid-base properties of excipient surfaces have been studied by photoacoustic spectroscopy (PAS) in the visible absorption range using seven acid-base indicators. The acid strength (Ho) of each excipient was determined from the PA spectral patterns of the indicators. The Ho values of silica-alumina, silica-magnesia and crystalline cellulose were determined to be between 3.3 and between 4.8 and 2.0, and between 4.8 and 3.3, respectively. In the cases of some excipients, the acid strength measured by PAS was weaker than the value which was measured from the color changes of the indicators on the surface of the excipients in benzene solution. These differences are ascribed to water adsorption on the surface during PAS sample preparation.
In the case of crystalline cellulose, the hydrogen bonding network was so tight in benzene solution that the indicators could not enter the network.
Keywords photoacoustic spectroscopy; acid strength; excipient; silica-alumina; silicamagnesia; talc; crystalline cellulose; methylcellulose Photoacoustic spectroscopy (PAS) is an effective technique to study solid samples, because the absorption spectra of opaque samples can be easily measured by PAS.1,2) Recently, Jagannathan et al. studied the acid-base properties of catalysts by PAS and estimated the acidic sites of oxide catalysts quantitatively.
3)
The physicochemical properties of drug excipients have significant effects on the stability and the bioavailability of drugs in the dosage forms. The surface acid-base properties of excipients are known to affect strongly the drug stability. In this study, we investigated the application of PAS to the determination of the surface acid-base properties of drug excipients. The acid strength (H0) was used for the quantitative evaluation of acid-base properties. 4 Table I . Each indicator takes the acid form in the acidic solvents and the base form in the basic solvents. The concentration of indicators was usually 5 mg/l. The sample solutions were stored in the dark for 3 h before the measurements.
Photoacoustic Spectroscopy
The single-beam photoacoustic spectrometer was constructed in our laboratory out of the following parts.5) The light source was a high pressure 500 W xenon arc lamp (UXL-500D, Ushio Inc.) equipped with a monochromator (G250, Nikon). The light was modulated by a light chopper (CH-353, NF Circuit Design Block Co., Ltd.) and the modulation frequency was 16 Hz . A microphone (EPM-100, Nippon Chemicon Co.) with a lock-in amplifier (LI-574A, NF Circuit Design Block Co ., Ltd.) was used as the detector. Sample powder (10-40 mg) was loaded in the sample holder, which was put in the PAS cell (made of brass) .6) The scanning speed of the monochromator was 30 nm/min. From the amplitude of the photoacoustic (PA) signal , the relative PA signal was As reference materials, carbon black and calcium fluoride with particle diameters of less than 63 pm were used. Measurement of PA Spectra of Excipients One gram of a dried excipient and 5 ml of benzene solution of an indicator were put into the test tube, and incubated for 24 h at 30 °C . The excipient powder was collected by filtration and dried at 30 °C for 1 h in vacuo. Then the PA spectrum of the indicator on the excipient surface was measured in the visible region (350-600 nm).
Measurement of PA Spectra of Ground Mixtures of Indicator and Excipient A mixture of dried excipient (2 g) and indicator (0.5 mg) was ground for 10 min in a vibrating mill (TI-200, Heiko Seisakusho, Ltd.), then the PA spectrum of the ground mixture was measured.
Measurement of Acid Strength of Excipients in Benzene Solution
The acid strength of excipients in benzene solution was measured according to Benesi's method.8)
Results and Discussion
Absorption spectra of the seven indicators in the acidic and basic solvents were measured as shown in Fig. 1 . The wavelengths of absorption maxima ('max) are presented in Table II . Although the azo indicators are known to be light-sensitive,") the effects of trans-cis isomerization were negligible in this experiment. In the cases of ATQ and BAP, the wavelengths of absorption peaks in the basic solvents were shorter than 350 nm, and they were not determined in this experiment.
Photoacoustic spectra of seven indicators adsorbed on the silica-alumina surface are shown in Fig. 2 . For ATQ, BAP and DIC, no peaks were observed in this wavelength region. From the spectral coincidence between the PA and the absorption of the base form in solution, it was found that ATQ, BAP and DIC molecules (Fig. 2e-g ) on the silica-alumina surface existed in the base form. The PA peaks of BAD and AAT were observed at 525 and 500 nm, respectively ( Fig. 2c and d) . These peak positions show that the indicator molecules of BAD and AAT mainly take the acid form on the silica-alumina surface, although the presence of the base form of BAD and AAT molecules on the silica-alumina surface was also 
clear. The PA peaks of PA signal of MR and MY were observed at 515 and 510 nm, respectively ( Fig. 2a and b) , and therefore the MR and MY molecules on the silica-alumina surface were considered to be in the acid form. These results led to the conclusion that the Hammett acid strength, Ho, of the silica-alumina surface was between 3.3 and -3.0. This range is somewhat different from the value which was measured by Benesi using the color changes of indicators in benzene solution.8 He reported that the Ho of silica-alumina was stronger than -8.2. As this difference in Ho values could be due to the different sources of silica-alumina samples, the Ho value of silica-alumina was measured by the same method as reported by Benesi. The Ho value of the silica-alumina used in this experiment was determined to be stronger than -8.2 by the benzene solution method, and it was found that Previously, Vorob'ev et al. measured the visible spectra of some indicators on a silicaalumina surface using the reflectance method.12) The reflectance spectra of MR and BAD on silica-alumina showed the same pattern as the PA spectra. They reported that MR took the acid form and BAD was present as a mixture of the acid and the base forms on a silicaalumina surface, which is in agreement with the PAS results.
Photoacoustic spectra of indicators on the silica-magnesia surface are shown in Fig. 3 .
The photoacoustic spectrum of MR on the silica-magnesia surface had a peak at 530 nm, and the absorption spectrum of MR in an acidic solvent had a peak at the same wavelength. This might be due to the formation of the acid form of MR molecules on the silica-magnesia.
From a comparison of PA and absorption spectra, it can be said that AAT took the base form on the silica-magnesia surface. Consequently, the Ho value was determined to be between 4.8 and 2.0 for the silica-magnesia.
Photoacoustic spectra of indicators on sodium montmorillonite are shown in Fig. 4 . The PA spectra of MR, MY and AAT had peaks at 565, 500 and 535 nm, respectively. These three indicators on the sodium montmorillonite surface were found to be present in the acid form by comparison with the spectral patterns in acidic solvents for each indicator. While DIC, BAP and ATQ were in the base form on the sodium montmorillonite surface, BAD molecules were considered to be in both acid and base forms on the sodium montmorillonite surface. The acid strength of sodium montmorillonite, Ho, was estimated to be between 2.0 and -3.0. Table III shows the peak positions in the PA spectra of excipients, including other excipients which were not mentioned above. The peak positions of each indicator showed significant variations between excipients. Table IV shows the molecular forms of indicators on the excipient surfaces which were determined from a comparison of Tables II and III . The acid strengths of the excipients were also determined and are shown in the last column of Table IV . The acid strengths of excipients in benzene solution determined by Benesi's method') are indicated in Table V . For silica-alumina and silica-magnesia, the acid strengths measured by PAS were considerably weaker than those measured in benzene solution. The differences are ascribed to water adsorption at the acidic sites of the excipients during preparation of the samples for PAS.
In the case of MR and crystalline cellulose, particular attention should be paid to the molecular form determination. Although MR molecules appear to have the acid form on the crystalline cellulose surface from a comparison of the PA spectra and absorption spectra, the peak position of MR on the crystalline cellulose surface in the PA spectra varied with the solvent used, that is, from 500 nm in benzene to 525 nm in ethanol ( Fig. 5a and b) . 5) As the cellulose molecules form a hydrogen bonding network in crystalline cellulose, widely differing chemical properties of solvents could influence the nature of the hydrogen bonding network. It is known that in a polar solvent, such as ethanol, the hydrogen bonding network of crystalline cellulose is loosened, while in a non-polar solvent, the hydrogen bonding network remains tight.") Therefore, it was considered that the MR molecules could enter deeply into the hydrogen bonding network of crystalline cellulose in ethanol, while in benzene solution, the MR molecules could not enter the hydrogen bonding network. Thus, the solvent used may affect the PA peak of MR.
Nakai et al. reported that drug molecules were dispersed mono-molecularly in the hydrogen bonding network of crystalline cellulose in a ground mixture.14) In this experiment, a ground mixture of crystalline cellulose with MR was prepared and the PA spectrum of the ground mixture was measured in order to investigate the effects of the dispersed state of MR on the PA spectra. The peak position of the PA signal of the ground mixture of MR with crystalline cellulose was observed at 525 nm (Fig. 5c ) and this coincided with that of MR adsorbed on crystalline cellulose in ethanol. The molecular state of indicators was consequently explained in terms of the dissociation of the hydrogen bonding network by the solvent used. The acid strength of crystalline cellulose was determined to be between 3.3 and 4.8 by the PAS method.
In the case of methylcellulose, the PA spectra of MY, AAT and BAD on the methylcellulose surface had two peaks between 350 and 450 nm. The indicators which had two peaks in the PA spectra, however, seemed to take the base forms on methylcellulose, because the PA signal of the acid forms at about 500 nm was negligible. Therefore, the acid strength of methylcellulose was determined to be weaker than 4.8 by the PAS method.
The molecular states of MR on the crystalline cellulose surface and on the methylcellulose surface were not determined by Benesi's method (Table V) , as the color of MR in benzene solution with crystalline cellulose and methylcellulose is orange, which is different from the red color of the acid form and the yellow of the base form.
